Serial and parallel visual search tasks were presented to patients with focal lesions in dorsolateral frontal, lateral parietal, or temporal-parietal cortex. In the unilateral display conditions, search efficiency in all patient groups was similar to the normal control group for stimuli both on the ipsi-and on the contralesional side of the displays. In contrast, in the bilateral display conditions, all patient groups showed a marked delay in initiating search on the side contralateral to the lesion as compared to normal controls. This delay was more pronounced when attention demands on the ipsilateral side increased, either by making target-distractor discrimination more difficult (serial search task), or by increasing the number of ipsilateral distractor items. The contralateral deficit was evident in all patient groups, supporting the notion that dorsolateral frontal as well as posterior parietal and temporal-parietal cortex plays a critical role in visual spatial attention.
Different types of visual search performance can be distinguished. At one extreme, search for simple visual features may be effortless. It is accomplished in parallel across a display, and search latencies to find a target are independent of the number of distractors in the display (Treisman and Gelade, 1980; Jonides, 1981; Treisman and Gormican, 1988; Wolfe et al., 1989) . At the other extreme, a serial, focal attention mechanism may be required to find targets that are less discriminable from the distractor items, with search latencies increasing linearly as the number of distractors in the display increases (Treisman and Gelade, 1980; Treisman and Gormican, 1988; Wolfe et al., 1989) . Targets defined by a conjunction of features, for example, a color/shape combination, are often identified serially.
Serial and parallel visual search tasks were used in previous research to examine attentional deficits in patients with acute visual neglect (Eglin et al., 1989) . In these patients, reaction times (RTs) to detect a target on the side contralateral to the lesion were increasingly delayed as more attentional demands were imposed by ipsilateral distractor items. Both increasing the number of ipsilateral items and making them more difficult to discriminate (conjunction search task) made the contralateral deficit more severe.
This contralateral deficit, which only occurred in bilateral display conditions, may be related to the clinical phenomenon called extinction (Bender, 1952) . When 2 stimuli are presented simultaneously ipsi-and contralateral to the lesion, patients fail to report the contralateral one, even though they could report single contralateral stimuli with little problem. Extinctionlike performance patterns in patients with mild neglect have been well documented in search tasks (e.g., Chedru et al., 1973; Mesulam, 1985) or simple detection tasks (e.g., Posner et al., 1984) . However, it has never been shown that the contralateral deficit can be quantified in terms of ipsilateral task demands. Our results (Eglin et al., 1989) showed that the contralateral delay was more severe as attentional demands on the ipsilateral side increased. In other words, the more often focal attention had to be allocated to the ipsilateral side, the more severe the contralateral deficit.
In the present study, similar serial and parallel visual search tasks were used. However, all patients were chronic and selected on the basis of having a defined damage in a subregion of anterior or posterior association cortex, rather than on the basis of visualneglect behavior. Patients with focal lesions in either dorsolateral prefrontal, lateral parietal, or temporalparietal cortex were assessed. These cortical areas are considered part of an integrated neural network for directed visual attention (Mesulam, 1981 (Mesulam, ,1983 (Mesulam, ,1985 . Damage to either posterior parietal or dorsolateral frontal cortex may produce visual neglect in humans (e.g., Heilman and Valenstein, 1972; De Renzi, 1982; Vallar and Perani, 1986) .
All patients in the present study were at least 1 yr postonset and did not show any overt clinical attention deficits. The first question of interest was whether these patients would show a residual contralateral deficit in visual search tasks, related to the one found in patients with acute neglect. The second aim was to assess whether behavioral deficits were different for frontal and posterior association cortex lesions. This was considered to be important because visual neglect after frontal damage has been suggested to differ qualitatively from neglect after posterior parietal damage (e.g., Kertesz and Dobrowolski, 1981; Mesulam, 1981; Ogden, 1985) . Third, the role of subregions of posterior association cortex, including superior parietal and temporal-parietal junction, in visual search was examined. Anatomical data suggest that the temporal-parietal junction is critical in producing visual neglect (Vallar and Perani, 1986) . On the other hand, lesions in superior parietal cortex have been associated with an impairment in shifting attention contralaterally (Posner et al., 1984) . In addition, the severity of visual neglect upon clinical examination is not necessarily related to damage in parietal or temporal cortex (e.g., Egelko et al., 1988) .
Materials and Methods

Subjects
Normal Controls (CTR) Fourteen normal, right-handed subjects, matched to the patient group for age, sex, and education, participated (CTR group). The mean age was 592 yr (SD, ±16.01 yr), and the mean education was 135 yr (SD, ±2.09 yr). There were 4 females and 10 males. All subjects had normal or corrected-to-normal vision (Rosenbaum Pocket Vision Screener). All had normal color vision as measured by Dvorine Pseudoisochromatic plates (Dvorine, 1958) . They were screened for substance abuse and major psychiatric and medical disorders. All subjects gave written consent and were paid for participation.
Patients
Thirty-two patients were selected on the basis of a single, focal, unilateral cortical lesion evident on computerized tomography (CT) and/or magnetic resonance imaging (MRI) scan. Twelve patients had a lesion in dorsolateral prefrontal cortex (PFLx); 9 patients, in the lateral parietal lobe (PAR); and 11 patients, in the temporal parietal junction (T-P). The patients' age, sex, etiology and side of lesion, duration, lesion volume, visual acuity, visual field defects (as tested by confrontation), and color vision are given in Table 1 . The color vision of 3 patients was not tested due to experimenter error. Patients had a mean age of 59.6 yr (SD, ± 11.03 yr). The mean lesion volume was 43.81 cc (SD, ±28.04 cc). All patients were screened for substance abuse, dementia, multiple neurological events, and major psychiatric and medical illness. They were paid for participation.
All patients were at least 1 yr postinsult. One temporal-parietal patient (H.H.) demonstrated mild visual neglect on a line-cancellation task (Albert, 1973) . He failed to cancel 2 lines in the left lower corner of the page. None of the other patients showed any clinical evidence of neglect. Details of possible neglect at onset of insult were unknown. All patients were informed of the experimental, nontherapeutic nature of the tests and consented in writing to participate on the understanding that they could withdraw from the study at any time. None of the subjects who volunteered to participate discontinued the testing before completion.
Lesion Location and Reconstruction
The lesions evident on CT or MRI scan were reconstructed onto axial templates (DeArmond et al., 1976) by a neurologist (R.T.K.). Individual and group-averaged lateral perspectives, lesion volumes, and affected cytoarchitectonic areas could then be computed from the axial sections (see Frey et al., 1987) .
Patients were assigned to 1 of 3 groups based on lesion location. These were dorsolateral prefrontal (PFLx), lateral parietal (PAR), and temporal-parietal (T-P) groups.
The PFLx group had lesions centered in the middle frontal gyrus (caudal inferior area 9, area 46, and the inferior and middle portions of area 6). The term "centered in" refers to the area of maximum overlap when reconstructions are summed. Some lesions included portions of areas 8, 10,44, or 45. The average lesion volume was 38.73 cc (SD, ±17.68 cc) in this group (Fig. 1) .
Lesions in the PAR group were centered in rostral areas 39 and 40 and inferior portions of areas 5 and 7. Some lesions involved the anterior part of area 19. The average lesion volume was 25.08 cc (SD, ±10.96 cc). None of the lesions extended into areas 41 and 42. None of the lesions involved area 22 with the exception of 1 patient (F.O.), in which the posterior, superior tip of area 22 was involved. Electrophysiological data on this patient resulted in his classification into the parietal group Fig. 2) .
Lesions in the T-P group centered in the superior temporal gyrus (areas 41, 42, and 22) and adjacent caudal inferior part of the parietal lobe (areas 39 and 40). In some patients, there was involvement of the posterior insula and the middle temporal gyrus (superior parts of areas 21 and 37). The average lesion volume was 64.67 cc (SD, ±33.11 cc; Fig. 3 ). 'Superior quadrinopsia R eye, full L eye.
Stimuli and Conditions
All stimuli were shown on a Princeton Graphics SR-12 monitor under the control of an IBM PC-XT computer with Sigma Designs graphic Dazzler I and Enhancer cards. Onset and offset of the displays were tied to the vertical sync pulse. The stimuli were colored dots with a diameter of 1.61° of visual angle, displayed on a rectangular area extending 21.80° of visual angle horizontally by 11.41° vertically, on a screen measuring 2326° horizontally by 17.98° vertically. The display area was subdivided into 32 (8 x 4) squares of 2.81° length, in which the dots could appear (1 dot/square). A dot appeared anywhere within its square, so that the display gave the impression of randomly scattered dots. The minimum distance between the edges of adjacent dots was 0.80°. In the feature search task, which was designed to produce parallel search performance, the target was a red dot among blue and yellow distractor dots. In the conjunction search task, designed to produce serial search performance, the target was a split red dot among split blue and complete red dots (see Fig. 4 ). The split dots were created by cutting a dot in half and leaving a gap of about 0.2° of visual angle between the 2 halves to produce a line through the dot. The gap could be oriented at any multiple of 15° off the vertical axis. No vertically or horizontally oriented gaps were used.
One target was present on every trial. As in the previous study (Eglin et al., 1989) , a presence/absence design was avoided to preclude a high rate of false negative responses on the contralateral side. The target randomly appeared on the right or left side of the display and was accompanied by either 0, 7, or 15 distractor dots on the same side of the display (corresponding to set sizes 1,8, and 16), crossed with 0, 1,8, or 16 distractor dots on the opposite side. This resulted in 24 conditions with 8 observations each, making a total of 192 trials. The 0 opposite-side distractor condition, in which all stimuli were restricted to one side of the display, was included to assess baseline search performance on each side. For each display with a target on the right side of the screen, the exact mirror image with the target on the left was also presented.
For the 8 observations in each condition, the target appeared once in every other of the 16 imaginary squares of the display area on each side (e.g., in all the dark squares of an imaginary checkerboard). Across conditions, the target appeared exactly 6 times in each of the 32 locations on the screen. Half the trials in each condition with set size 8 or 16 on the target side had 1 more yellow than blue distractor dot; for the remaining trials, the reverse was true. With 8 and 16 opposite-side distractors, equal numbers of each distractor dot were used on each trial. Single oppositeside distractors appeared at least once but never more than twice in each location. Locations that were used twice once contained a yellow and once a blue distractor dot. Overall, equal numbers of each distractor type were used in each condition. When 8 dots were present on one side of a display, they appeared equal- ly often in either the top or the bottom half of the display area, so that the density of the dots was kept constant (Fig. 4) .
Three practice displays were also created. One had a single target, and 2 had a target and some distractor dots clustered around it.
Procedure
Subjects were seated in a large easy chair in a semidarkened room. The distance between the subject's head and the screen was approximately 57 cm. Subjects were given a light pen and a response box. They were shown how to press down the response key on the box with the edge of the hand that was holding the light pen. They were instructed to keep the response key pressed before and during each trial until they had detected the target. As soon as they had detected the target, they were to release the response key and touch the target with the light pen. Release of the response key defined the latency to locate the target, while the light pen measured accuracy. After this response subjects put their hand back on the response key to get ready for the next trial. They were given practice trials as needed to learn the procedure.
A different random order of trials was given to each subject. There was a short break after 96 trials. At the beginning of each search task and after the break, the 3 practice displays were shown again. Half the subjects in each group were given the feature search task first, and the other half, the conjunction search task. As with the neglect patients (Eglin et al., 1989) , subjects were free to move their eyes and head, and no specific fixation instructions were given. Half of the control subjects responded with their right hand, and the other half with their left hand. The patients responded with the hand ipsilateral to the lesion.
At the beginning of each trial, a warning tone (880 Hz) sounded for 500 msec. After an interval of 100 msec, a display was shown if, and only if, the response key was correctly pressed. The display was shown until the computer registered the touch of the light pen. The computer recorded the timing of the response from the onset of the display to the release of the response key and the light pen position on the screen. After an intertrial interval of 4 sec (or until subjects pressed down the response key again, whichever was longer), the next trial began. The experimenter sat behind the subject and took notes of any irregular trials.
Results
In the conjunction search task, some trials were discarded because the response key was released early and the light pen was not immediately directed to the target (1.71% for the control subjects, 3.30% for the patients) or because a patient talked or was otherwise inattentive (0.08%). In the feature task, 0.21%, of early-release trials and 0.44% on which the subject did not pay attention were discarded for the patients. Median RTs were calculated for each condition for each subject. The means of the median RTs are plotted in Figures 5-8 Because subjects were allowed to move their eyes and head, the search functions for targets on each side were not expected to differ for the CTR group in either task. Separate overall 2x4x3 [target side (left/right) x opposite-side distractors (0/1/8/16) x target set size (1/8/16)] repeated-measures ANOVAs were first performed on the median RTs of the CTR group. These ANOVAs were done separately for the conjunction and the feature search tasks and confirmed that no main effects or interactions with target side approached significance (all Fs < 1), with the exception of a trend in the interaction of target side x target set size in the feature search task [^(2,26) = 3.42; p < 0.06; t = 0.90). This marginally significant interaction in the feature search task was not examined further, and the data were pooled over left and right display sides for the control subjects.
Linear regressions were computed separately for the median RTs of each subject and each oppositeside distractor condition to obtain the slope and intercept of each search function over set size for each target side. All subsequent analyses were done separately for the baseline conditions (all stimuli restricted to one side of the display) and those conditions with opposite-side distractors present. The baseline conditions (Figs. 5-8 , solid circles) assessed basic search performance on each side of the display (measured primarily by the slopes of the search functions). In conditions with opposite-side distractors, the delay these distractors produced in initiating search of the target side (measured as an increase in intercepts) was of primary interest.
Baseline Search Performance
Unilateral Display Conditions
Separate overall 4x2 [Group (CTR/PFLx/PAR/T-P) x target side (ipsi/contralateral to the lesion)] ANOVAs were performed on the slopes and intercepts in the conjunction and the feature search tasks. Any effects of the group factor were further examined by planned comparisons between individual groups.
Baseline Slopes Conjunction Search Task. As evident from Figures 5-8 (solid circles), RTs increased linearly in the baseline conditions with increasing numbers of same-side distractors in the conjunction search task. In all groups, linearity accounted for over 96% of the variance due to display size, indicating serial search performance. The slope of the search functions for the CTR group (pooled over the 2 display sides) was 23.7 msec. If half the distractors have to be searched on average until the target is detected, the true search rate per item can be estimated at over 45 msec. The slopes for the patient groups ranged from 21 to 37.6 msec. None of the main effects or interactions in the overall 4 x 2 [group (CTR/PFLx/PAR/T-P) x target side (ipsi/ contralateral)] ANOVA on the baseline slopes reached significance [all Fs(3,43) < 2.17; p > 0.10].
Feature Search Task. As evident from Figures 5-8 (open circles), search in the feature search task was much more efficient than in the conjunction search task. The slopes of the search functions were below 3 msec in all groups, suggesting parallel search across the display. In the overall 4x2 (group x target side) ANOVA on the slopes, no effects approached significance (all Fs < 1). Feature Search Task. In the overall 4x2 (group x target side) analysis, there was a marginally significant effect of group [F(3,42) = 2.79; p < 0.06], and post hoc comparisons indicated that the T-P group was slower than the CTR group (Scheffe p < 0.05). No other patient group differed from the CTR group. The interaction of group x target side was not significant (F < 1).
Summary of Results in the Baseline Conditions
The analyses for baseline intercepts indicated overall slower responses for the T-P group than for the CTR group. The most important results of these baseline conditions can be summarized by 2 points. First, both the CTR and all the patient groups showed serial search performance in the conjunction search task, with search rates of over 40 msec per item. In the feature search task, on the other hand, search rates were below 6 msec per item in all groups, suggesting parallel search across the display. Second, the patients' search performance as measured by the baseline slopes was comparable to that of normal controls on both sides of the display when all stimuli were restricted to the left or right side of the display. In other words, all patient groups showed normal serial as well as parallel search performance on both sides of the display in the baseline conditions.
Effects of Opposite-side Distractors
Bilateral Display Conditions
Overall 4x2x3 [group (CTR/PFLx/PAR/T-P) x target side (ipsi/contralateral to the lesion) x opposite-side distractors (1/8/16)] ANOVAs were performed separately on the slopes and intercepts in the conjunction and the feature search tasks. Significant main effects or interactions with the grouping factor in these overall analyses were further analyzed by planned comparisons between groups.
Slopes
Conjunction Task. As evident from Figures 5-8 (solid triangles, squares, and diamonds), slopes became steeper as more opposite-side distractors were present in the displays [F(2,84) = 12.84; p < 0.001]. This effect simply indicates that both sides of the displays were searched when stimuli were present on both sides. No other effects approached significance in the overall analysis (all Fs < 1.57; p > 0.10).
Feature Task. No effects approached significance in the overall analysis (all Fs < 1.26; p > 0.10).
Intercepts
Conjunction Task. Opposite-side distractors caused an increase in intercepts, which simply means that the more distractors present on one side, the longer it took to initiate search on the other side. More importantly, the extent of intercept increase for targets on each side differed between groups. In the overall 4x2x3 (group x target side x opposite-side distractors) analysis, all main effects and all interactions were highly significant (F(3,42) = 6.37, p < 0.01 for group; F(l,42) = 20.44, p < 0.001 for target side; F(2,84) = 66.27, p < 0.001 for opposite-side distractors; F(l,42) = 6.41,p < 0.01 for group x target side; F(6,84) = 4.00, p < 0.01 for group x opposite-side distractors; F(2,84) = 9.12, p < 0.001 for target side x opposite-side distractors; F(6,84) = 2.61, p < 0.03 for the triple interaction of group x target side x opposite-side distractors].
For all patient groups, the increase in intercepts due to opposite-side distractors was larger for contralateral than for ipsilateral targets. Planned comparisons for the interaction of group x target side x opposite-side distractors were significant for each patient group compared to the CTR group [F(2,48) = 3.09, p < 0.06 for the PFLx group; F(2,42) = 5.99, p < 0.01 for the PAR group; K2.46) = 5.53, p < 0.01 for the T-P group]. The patient groups did not differ from each other in this respect, and none of the individual comparisons between patient groups (PFLx vs PAR, PFLx vs T-P, PAR vs T-P) reached significance Os < 1.82; p> 0.10).
Feature Task. In the overall analysis, there was a main effect of group [F(3,42) = 3.34; p < 0.03], indicating that intercepts in the T-P group were higher than in the CTR group (Scheffe p < 0.03). A main effect of target side [F(l,42) = 6.78; p < 0.02] showed that overall intercepts to contralateral targets were slower than to ipsilateral ones. No other effects approached significance (all Fs < 1.25; p > 0.10).
Summary of Opposite-side Distractor Effects
In the bilateral display conditions, search was extended to both sides. For these displays with opposite-side distractors, the slopes of the search functions did not differ between groups for either the feature or the conjunction search task. With the exception of overall higher intercepts in the T-P than in the CTR group, the same was true for intercepts in the feature search task, where opposite-side distractors had no specific effects, confirming again that search was parallel across the display. In contrast, for all patient groups, intercepts in the conjunction search task were higher for the contralateral side when ipsilateral distractors were present than were intercepts for the ipsilateral side when contralateral distractors were present. In other words, there was a delay in initiating search on the contralateral side due to ipsilateral distractors. This delay increased as more ipsilateral distractors were present. All patient groups differed from the control group with respect to the contralateral delay.
Search Performance Across Quarter Sections of the Display
To examine the search strategies across the display, the stimulus display area was divided into 4 vertical quarter sections. RTs across all conditions were collapsed such that equal numbers of data points were available for each quarter section of the display. Our previous study on patients with acute neglect showed that their latencies to detect a target increased disproportionately when a target appeared across the midline of the display (Eglin et al., 1989) . The means of the median RTs averaged across subjects are shown in Figures 9 (CTR), 10 (PFLx), 11 (PAR), and 12 (T-P) as a function of the quarter section in which the target appeared. As evident from the figures, targets in the center (quarter sections 2 and 3) were detected fast by all subject groups. Latencies to targets in the outer quarter sections were longer. In all patient groups, targets on the far contralateral side (quarter section 4) were found the slowest, consistent with their contralateral delay.
For the CTR group, no main effect or interaction with target side approached significance in a repeated-measures 2x2 [target side (left/right) x subfield (outer/inner subfield on each side)] ANOVA in either search task (all Fs < 1), and search latencies were pooled over the 2 display sides for the CTR group.
Separate overall 4x2x2 [group (CTR/PFLx/ PAR/T-P) x target side (ipsi/contralateral to the lesion) x subfield (outer/inner quarter section on each target side)] ANOVAs were performed on the median RTs pooled across all conditions for the feature and the conjunction search tasks. In the conjunction search task, there was a significant main effect of group f/(3,42) = 3.87; p < 0.02]. The T-P group had slower RTs than the CTR group (Scheffe ps < 0.02). There were significant main effects of target side [F(l,42 In summary, the control subjects showed a symmetrical search pattern in both search tasks. On both sides of the display, they detected targets near the midline faster than those far from the midline. In the PFLx and the PAR groups, targets near the midline were also detected fastest. However, all patient groups differed from the CRT group in the conjunction search task in that far contralateral targets were found slower than far ipsilateral ones. In the feature search task, the search pattern of the patient groups did not differ from the CTR group. Therefore, consistent with the previous analyses on slopes and intercepts, the contralateral delay in the patient groups was only evident when attentional demands were high (conjunction search task).
Anatomical Cot-relations
Hemispheric Differences
The contralateral delay that was found in all patient groups when ipsilateral distractors were present had previously been reported in patients with visual hemispatial neglect (Eglin et al., 1989) . Hemispatial neglect appears to occur more frequently and with more severity after right than after left posterior lesions (De Renzi, 1982; Posner et al., 1984; Gainotti et al., 1986) . A planned comparison was performed on the left and right posterior patients (T-P and PAR groups) for the bilateral display conditions in the conjunction search task. There was no indication that the contralateral deficit was larger for right-than for left-hemispherelesioned groups (F < 1), nor was there a difference between left-and right-hemisphere-lesioned groups for the PFLx patients (F < 1).
Neural Substrates
Anatomical studies suggest that severe neglect is associated with lesions in the temporal-parietal junction (Vallar and Perani, 1986 ), yet an impairment in shifting attention contralaterally, which is found in patients with visual neglect (Morrow and Ratcliff, 1988) , has been reported to correlate with the extent of superior parietal lesions (Posner et al., 1984) . Correlations between the contralateral delay and lesion extent in area 22, area 39 (angular gyrus), and area 40 (supramarginal gyrus), as well as lesion extent in each horizontal CT or MRI section, were calculated. All correlations were too weak for a meaningful interpretation (all rs < 0.43; p > 0.06).
Discussion
In the unilateral display conditions, normal control subjects and all patient groups showed effortless, parallel search performance in the feature search task, and serial search performance in the conjunction search task. The patients' search efficiency, as measured by the baseline slopes, did not differ from the control group in either search task. In other words, the ability to detect a salient feature across a display, as well as the ability to serially scan distractor items by shifts of attention on both sides of the display, was preserved in all patient groups for unilateral stimulus presentations. Therefore, parallel and serial search mechanisms were intact in all patient groups.
In contrast, the intercepts in the bilateral display conditions revealed an asymmetric deficit in the pa-tient groups only. The intercepts of the contralateral search functions were higher than those of the ipsilateral search functions in all patient groups. In the conjunction search task, contralateral intercepts were higher as more ipsilateral distractor items were presented. In other words, initiation of search on the contralateral side was delayed as more distractors were presented ipsilaterally. Because the baseline search rates did not differ between patient groups and controls, this suggests that the patients were biased toward searching more ipsilaterally than the controls in bilateral displays.
The contralateral delay increased with increasing numbers of ipsilateral distractors only when search was mediated by a serial, focal attention mechanism. Similar to previous research with acute neglect patients (Eglin et al., 1989) , the severity of the contralateral deficit depended on the ipsilateral display condition. The deficit was more severe as more attention was attracted ipsilaterally, by making ipsilateral distractor items either more numerous or more difficult to discriminate (as in the serial search task).
A worsening of contralateral performance due to ipsilateral stimuli has been shown in line cancellation (e.g., Mark et al., 1988) , in matching tasks (e.g., Karnath, 1988) , in search tasks (e.g., Chedru et al., 1973; Rapcsak et al., 1989) , and in a simple detection task (e.g., Posner et al., 1984) . Our results extend previous findings by showing within a single paradigm that the contralateral deficit is proportional to how often focal attention has been engaged on the ipsilateral side. This allows description of the deficit in terms of preserved functions on the ispilateral side rather than in terms of impaired functions on the contralateral side.
In this sense, our account of the contralateral impairment can also be distinguished from perceptual rivalry (Denny-Brown et al., 1952) or hemisphere activation theories of extinction and neglect (e.g., Kinsbourne, 1987) . We show that the contralateral deficit results from the engagement of focal attention to stimuli on the ipsilateral side at a defined stage of visual perception. The mere presence of ipsilateral stimuli does not suffice to produce the contralateral deficit. In addition, we can quantify the contralateral deficit in terms of the number of attention allocations to the ipsilateral side.
The contralateral delay was present in all patient groups. Its severity did not correlate with damage to specific cortical subregions. These findings are consistent with the notion that frontal and posterior parietal association cortex is part of an integrated neural network for directed attention (Mesulam, 1981 (Mesulam, ,1983 . If normal attention depends on the integrity of the network as a whole, then damage in any pan of the circuit could produce a similar attentional deficit.
However, the possibility that the underlying mechanisms differ in the frontal and the posterior patients cannot be excluded. For instance, an impairment in disengaging attention from ipsilateral distractor items (e.g., Posner et al., 1984) or an inability to extract visual information (e.g., Gainotti et al., 1986) have been suggested as mechanisms for visual neglect resulting from parietal damage, whereas perseveration has been associated with neglect resulting from frontal damage (e.g., Kertesz and Dobrowolski, 1981) .
It appears that hemispatial neglect occurs more often and is more severe after right than after left posterior lesions (e.g., Heilman and Van Den Abell, 1980; Mesulam, 1981 Mesulam, , 1983 ), yet the present task, though very sensitive to contralateral attention deficits, does not differentiate between right-and lefthemisphere damage. This seems to indicate that basic serial search is not lateralized and is consistent with recent findings in split-brain patients (Luck et al., 1989) . With more complex stimulus displays, the difference between right-and left-hemisphere damage may become more pronounced. For instance, hierarchical organization could turn out to be critically important in the study of left and right differences in neglect. When hierarchical stimuli are shown to patients with temporal-parietal lesions, left-brain-damaged patients showa bias to attend to global elements, whereas right-brain-damaged patients favor local elements (Robertson et al., 1988; Lamb et al., 1990) . Local elements are typically more frequent than global ones in any visual scene. In bilateral displays, numerous local elements might attract attention ipsilaterally and produce more severe signs of neglect in patients with right posterior damage, whereas for patients with left posterior damage and a global bias, relatively few global elements will compete for attention ipsilaterally. In view of the present and previous results (Eglin et al., 1989) , the contralateral deficit would therefore be expected to be more severe with right-than with left-brain damage for hierarchically organized visual scenes. It has been shown, in fact, that the same patients with left-and right-brain damage may show comparable attention deficits in a visual search task, but a more severe deficit for right-than for left-brain damage in an overlapping figures test that provided more hierarchical structure than the visual search task (Gainotti et al., 1986) .
